Abstract Multiple factors associated with taxi driving can increase the risk of cardiovascular disease (CVD) in taxi drivers. This paper describes the results of Step On It!, which assessed CVD risk factors among New York City taxi drivers at John F. Kennedy International Airport. Drivers completed an intake questionnaire and free screenings for blood pressure, glucose and body mass index (BMI). 466 drivers participated. 9 % had random plasma glucose values [200 mg/dl. 77 % had elevated BMIs. Immigrants who lived in the US for [10 years had 2.5 times the odds (CI 1.1-5.9) of having high blood pressure compared to newer immigrants. Abnormalities documented in this study were significant, especially for immigrants with greater duration of residence in the US, and underscore the potential for elevated CVD risk in this vulnerable population, and the need to address this risk through frameworks that utilize multiple levels of intervention.
Background
Multiple factors associated with taxi driving can increase the risk of cardiovascular disease (CVD) in this high-risk occupational group [1, 2] . In a Japanese study, the prevalence of myocardial infarction and multi-vessel disease was higher among male taxi drivers than non-drivers [3] . In a Swedish study, drivers had higher rates of smoking, overweight, low physical activity, and job strain compared to men in the general population [4] . Elevated myocardial infarction risk remained after adjusting for these factors and for diabetes, hypertension, and socioeconomic group [4] .
A major risk factor for drivers is their occupation-induced sedentary lifestyle [1, 2] . Several recent studies show a significant association between being sedentary and high rates of CVD, hypertension, and diabetes [5] [6] [7] [8] [9] . Men with sedentary occupations are more likely to have coronary heart disease and sudden heart failure [10] . A survey of Chicago drivers found 40 % never exercise [11] .
Taxi drivers also face chronic environmental exposures that potentially increase their CVD risk. Associations have been observed between elevations in fine airborne particulate matter (PM), systolic blood pressure increases, [12] reduced heart rate variability [13] [14] [15] [16] [17] [18] [19] , accelerated atherosclerosis, and inflammation [20] [21] [22] [23] . Further, in a study by Peters et al., an association was found between traffic exposure and the onset of myocardial infarction within 1 h after exposure [24] . PM is commonly used as an indicator of exposure to air pollutants, though black carbon (BC), a component of fine PM, is often used as another metric for evaluation of PM exposure, especially to diesel exhaust PM [25] . Westerdahl et al. demonstrated that BC and ultrafine particle (UFP) concentrations on freeways in Los Angeles were up to 20 times those measured in counseling, and follow-up, with health insurance education and navigation into care.
Step On It! also addressed needs described in a recent IHCD taxi driver focus group study: healthcare access, nutrition education, stress relief, and exercise promotion [1] . This paper describes CVD risk factors assessed during Step On It!. The negative impact on health status with increasing duration of residence in the US is a well described phenomenon [47] . We aimed to assess the effect of greater length of stay in the US on CVD risk in this unique population, and how this risk may be exacerbated by barriers to care specific to the taxi driver occupation.
Methods

The
Step On It! health event was held for five consecutive days in late September/early October 2011, when the weather in NYC is mild and optimally suited to conduct an outdoor initiative, and drivers are not likely to be deterred from participation due to weather extremes. IHCD obtained permission from the Port Authority of New York and New Jersey to host Step On It! in an empty lot adjacent to the yellow cab holding lot of the JFK Airport. Thousands of cab drivers await dispatch in the holding lot each day. Given that there are 485,000 taxi trips made per day in NYC, and 3.5 % of pick-ups occur at airports, we can estimate that nearly 17,000 cabs await dispatch at the airports each day [48] . Several free services were offered: blood pressure, glucose, body mass index (BMI), and oral health screenings; health counseling; health insurance enrollment; nutrition, exercise, stress reduction, yoga, tobacco cessation workshops; and free cancer screening appointments.
On the days of the event, two outreach staff members were permitted to enter the holding lot to distribute Step On It! flyers which outlined the schedule of services. Interested drivers were directed to the event.
Intake Questionnaire and Health Screening Written informed consent was obtained from each participating driver in his/her preferred language. Multi-lingual outreach staff surveyed participants using an intake questionnaire that had been used by the researchers in prior health fair events [46] . Questions regarding demographics, employment, healthcare access, medical history, tobacco use, physical activity (derived from the National Health and Nutrition Examination Survey Questionnaire [49] ) and migration were included. Height (using a measuring tape affixed to a fence), weight (using a Taylor 7009 Lithium Electronic Scale), and waist circumference (measured by placing a tape measure snugly and parallel to the floor on the participant's abdomen just above the hip bone) were recorded. Participants were then directed to have their blood pressure and glucose measured using an ADC 9002 E-Sphyg 2 Digital LCD Desk Unit Sphygmomanometer, and a TRUEtrack glucometer, respectively.
Approval was Obtained from the MSKCC Institutional Review Board
Sample
A total of 466 taxi drivers self-selected to participate in
Step On It!, out of an estimated total of 3500 drivers who would have been in the lots at that time. Approximately 25 % of the estimated 3500 drivers were approached, approximately 53 % of those approached agreed to participate. Of these 466, 413 completed at least one health screening (blood pressure, glucose, anthropometric measurements) and were included in our analysis.
Health Screening Measures
Health screening measures included blood pressure (mmHg) categorized according to the American Heart Association standard hypertension range: (1) systolic B140 and diastolic B90, and (2) systolic [140 and/or diastolic [90; random glucose levels (mg/dL) categorized according to the American Diabetes Association guidelines: (1) \200 (not indicative of a diagnosis of diabetes); (2) C200 (along with symptoms of hyperglycemia, indicative of a diagnosis of diabetes); BMI categorized by American Heart Association standard guidelines: (1) B25 (normal), and (2) [25 (overweight/obese); high risk waist circumference categorized according to the National Heart, Lung, and Blood Institute guidelines: [102 cm for men, [88 cm for women [50] [51] [52] [53] .
Independent Variables
Independent variables of interest included years driving a taxi, whether the taxi was rented or owned, days per week worked, monthly income, age, region of birth, years residing in the US, marital status, educational level, English language ability, having/not having a primary care provider, health insurance status, tobacco use status, exercise, and histories (yes/no) of high blood pressure, diabetes, and high cholesterol. Inclusion of these variables for assessment was informed by the authors' prior work addressing the health concerns of drivers [1, 46] .
Analysis
We first described the characteristics of the 413 participants who completed at least one health screening (blood pressure, glucose, anthropometric measurements) and were included in our analysis. We then described the observed prevalence of abnormal screening results among the participants. We assessed the prevalence of abnormal results for each screening measure, first for the full sample, and then across strata of each sociodemographic and health history variable.
Bivariate and multiple logistic regression analyses were conducted to determine risk factors for each abnormal health screening result, from among the sociodemographic and health history predictors. Unadjusted odds ratios (ORs) and 95 % confidence intervals were calculated to assess the risk for each predictor variable alone. Adjusted ORs and their 95 % CI were calculated using multiple logistic regression to determine the relationship of each predictor variable to abnormal screening results, controlling for the other variables in the model. We used a two-sided significance level of a = 0.05. All analyses were restricted to available cases.
Analyses were conducted with the SPSS Statistics software package, version 21.0.
Results
All results described are among available cases; missing data were excluded. We conducted a parallel analysis with imputed data, using multiple imputation, which demonstrated results similar to the ones presented in our manuscript. However, we found one exception, where the multiple logistic regression model in our paper (Table 3) predicting being overweight (BMI [ 25) did not show ''years driving taxi'' as a significant covariate (OR for C10 years driving vs. \10 years = 2.0, CI 0.9-4.5), while the imputed model did (OR 1.4, CI 1.1-2.0).
Characteristics of the Sample (Table 1a, b) Among the 466 self-selected participants in Step-on-it!, no differences were found in demographic and driver characteristics between individuals eligible for the analysis (completed at least one health screening) and those ineligible (Fisher's exact tests, all p [ 0.05). Due to restrictions on drivers' time at Step-on-it!, questionnaires had varying levels of completeness.
Sociodemographics
All participants except one were male (99.7 %) and almost half (47 %) were originally from South Asian countries. Only 2 % of participants were born in the US 83 % of the foreign-born had been living in the US for over 10 years. The majority were married (74 %) and had completed some college or more (55 %). Only 42 % reported speaking English ''very well'', indicating that a majority were limited English proficient (LEP) [54] .
Driving History and Income
Forty-seven percent of taxi drivers had been driving for 10 years or longer. Three hundred and forty-six drivers responded to the question about their average monthly incomes, among whom 21 % reported monthly incomes of more than $2256, 37 % reported incomes between $1355 and $,256, and 34 % reported incomes less than $1355 (27 drivers responded ''Don't know'' to this question).
Healthcare Access
Only 46 % of participants had health insurance. Forty-nine percent did not have a primary care provider (PCP).
Health Behaviors
Approximately 30 % of drivers reported ever using tobacco (including cigarettes, cigars, hookahs, and smokeless tobacco), over half of whom were current users.
Medical History
Twenty-eight percent of drivers reported a history of hypertension, among whom only 64 % reported taking blood pressure medication. Most common reasons for not taking blood pressure medication included ''I feel it is unnecessary'' (43 %), ''I do not have a prescription'' (14 %), and ''Cannot afford it'' (11 %). Fourteen percent of taxi drivers had been previously diagnosed with diabetes, among whom 77 % were taking diabetes medication. Three hundred sixty-three participants responded to the question on a previous history of problems with cholesterol; of these, (Table 2a) .
BMI and Waist Circumference
The odds of being overweight or obese (BMI [ 25) were greater among drivers who had driven for at least 10 years (OR 1.9, CI 1.1-3.3). Caribbean drivers had 3.0 times the odds (CI 1.5-6.1) of having a high risk waist circumference than South Asian drivers. Immigrant drivers who had resided in the US for more than 10 years were over twice as likely (OR 2.5, CI 1.2-5.0) to have high risk waist circumferences than immigrant drivers who had lived in the US for 10 or fewer years (Table 2a) .
No other significant bivariate analysis results were found between health screening results and driver characteristics (Table 2a) .
Predictors of Healthcare Access
Drivers born in Africa (OR 1.7, CI 1.0-2.8) and the Caribbean (OR 2.4, CI 1.3-4.6) were more likely to be uninsured than those born in South Asia. Married or partnered drivers were less likely to be uninsured (OR 0.3, CI 0.2-0.5) and less likely to be without a PCP (OR 0.5, CI 0.3-0.7) than single, widowed, or divorced drivers. Participants who were unaware of their hypertension diagnosis status (responded ''don't know'' to the question of whether they had a history of hypertension) were more likely to be uninsured (OR 3.1, CI 1.4-6.9) and more likely to have no PCP (OR 2.6, CI 1.3-5.3), than those who stated they did not have a history of hypertension (Table 2b ).
Multivariable Analysis of Risk
Multiple logistic regression models were run to assess the associations between potential sociodemographic and health history predictors and abnormal health screening results. There was significant overlap between the variables years driving taxi, age, and years in the United States, with p values \0.001 for Chi-square tests/Fisher's exact tests, and with Cramer's V values ranging from 0.39 to 0.44. Twelve percent of drivers were younger than 40 years, had been living in the US less than 10 years, and had been driving a taxi for \10 years, while 43 % of drivers were older than 40 years, had been living in the US more than 10 years, and had been driving a taxi for more than 10 years. Because of this, we checked for multicollinearity in the logistic regression models. Multicollinearity occurs when variables are highly correlated and leads to inflated variance estimates. One crude but practical way to check for multicollinearity among categorical variables in a logistic regression model is to run a series of models in which you add or drop one variable at a time, looking for large shifts in the coefficient and variance estimates. In our models, coefficient and standard error estimates remained stable through sequential models, suggesting that multicollinearity is not a threat to the accuracy of our results. Years in the US was the sole significant predictor of high blood pressure after adjusting for years driving taxi, age, region of birth, and marital, health insurance, primary care provider, and exercise status. Immigrant participants who had lived in the US for more than 10 years had over twice the odds of screening positive for high blood pressure compared to immigrants who had lived in the US for 10 or fewer years (adjusted OR 2.5, CI 1.1-5.9).
Fewer variables were entered into the model predicting high glucose due to small numbers of participants in response categories for high glucose, age, years in the US, and region of birth. We entered age into the model because it was significantly associated with glucose in the bivariate model, along with the potential confounders of years driving taxi and years in the US None of the three predictors was significantly associated with high glucose after adjusting for the other variables in the model (LRT = 4.13, df = 3, p [ 0.05).
No risk factors were significantly associated with high BMI when the model included years driving taxi, age, region of birth, and marital, health insurance, primary care provider, and exercise status.
High risk waist circumference was predicted by region of birth after controlling for years driving taxi, age, years in the US, and marital, health insurance, primary care provider, and exercise status. This association was evident through type 3 analysis of effects (Wald v [2] = 10.24, df = 2, p \ 0.05). This was driven by the higher waist circumference of Caribbean-born (OR 4.4) and Middle Eastern-born (OR 4.7) drivers compared to African-born drivers. Table 1b does not show any significant ORs for region of birth because no group differed from the South Asian reference group, which was chosen because it is the most prevalent region of birth among participants in our sample (Table 3 ).
Discussion
Step On It! found CVD risk factors among the majority of participating drivers. Importantly, only 46 % of drivers had health insurance. Drivers are generally considered independent contractors and thus not 'employees'. The vast majority are therefore not entitled to employer-sponsored health insurance options through taxi companies. [55] Additionally, drivers work hours that coincide with clinic hours of operation. These barriers to care may have contributed to the high prevalence of unaddressed CVD risk factors observed in this study. More than half of screened drivers had blood pressure values over 140/90 mmHg. As a comparison, NYC hypertension rates are approximately 26 % [56] . As further comparison, in urban India (the majority of drivers in this study were originally from South Asia), rates of hypertension among men varied from 36 % in Jaipur, 44 % in Mumbai, and 31 % in Thiruvananthapuram [57] . Seventy-seven percent of drivers had a BMI in the overweight or obese range; in comparison 56 % of NYC residents are overweight or obese [58] . The prevalence of overweight and obesity among men in India aged 40-49 is 13.4 and 2.6 %, respectively; and among ages 50-59, 11.5 and 2.3 %, respectively [59] . Nine percent of drivers had abnormal random glucose values. The National Urban Diabetes Survey in India showed an age standardized prevalence of diabetes and impaired glucose tolerance of 12.1 and 14 %, respectively, with no significant differences between genders [60] .
Living in the US for over 10 years is likely to increase drivers' CVD risk. The impact of increased duration of residence in the US on worsening health status has been well described in the literature [47] , and our hypothesis that this would be evidenced in this study was supported. Newer immigrants were significantly less likely to have high blood pressure readings compared to drivers residing in the US for 10 years or more. This is an important and novel finding, as this is the first study to examine duration of residence as a predictor variable for CVD risk factors among US taxi drivers. In addition, drivers who already had a diagnosis of hypertension were more likely to have high blood pressure values, indicating that their conditions were not being adequately managed. One of the Healthy People 2020 objectives is to ''increase the proportion of adults with hypertension whose blood pressure is under control'', with a target of 61.2 % [61] . Almost half of the drivers who had a prior history of hypertension were not on any medications for their condition. Reasons for poor blood pressure control among drivers previously diagnosed with hypertension in this study should be further investigated and addressed. Poor management of chronic conditions such as hypertension, impaired glucose tolerance, diabetes, overweight/obesity leads to long-term complications, negative health outcomes and decreased productivity [62] [63] [64] [65] [66] [67] [68] .
The extent of abnormalities documented in this study was profound, and underscores the potential for significantly elevated CVD risk in this vulnerable population, and the need to address this risk through models or frameworks that utilize multiple levels of intervention. For example, the Healthy People 2020 Framework incorporates an ecological and determinants approach to health promotion and disease prevention, where health and health behaviors are determined by multiple levels of influence, including personal (biological, psychological), institutional/organizational, environmental (physical, social), and at the policy level [69] . In a literature review of comprehensive worksite health promotion programs, Sorensen et al. [70] demonstrated that program effectiveness was enhanced when based on social ecological approaches, including the integration of workers' broader social contexts, addressing multiple risk factors for change, and including workers in program planning and implementation.
Potential interventions for taxi drivers, to have the greatest impact, should be multi-level, addressing individual risk (i.e. screening and prevention, counseling, linkages to primary care and facilitated insurance enrollment, and treatment/management of chronic conditions associated with CVD risk), and organizational/institutional/environmental factors (i.e. facilitated access to health care, exercise facilities, healthy food), and policy issues (i.e. working hours, pay). Results from our study suggest that multiple CVD risk factors should be targeted, prioritizing intervention in the early years of immigration and long-term management of blood pressure for drivers with already elevated blood pressure. For example, potential interventions focused on blood pressure screening and navigation into primary care could be implemented at points of entry into the taxi driver workforce, such as upon completion of Defensive Driving and Taxi Training courses (both are required in NYC to obtain a hack license) [71] . This study has limitations. The sampling method may have introduced bias. Participation in Step On It! was completely voluntary. Individuals who are more interested in their health may have been more likely to participate in this free health program, which could underestimate the health disparities experienced by this population. Conversely, those who knew of a pre-existing health condition and/or were not feeling well may have been more likely to participate, which would overestimate the extent of abnormal values in taxi drivers. Despite this, this study has good potential for generalizability to other NYC drivers and for relevance to other driver communities across the country. Taxi drivers across diverse metropolitan areas spend time awaiting dispatch in holding lots. In NYC, thousands of taxi drivers wait in the JFK International Airport holding lot on a daily basis (for up to 2 h at a time), and drivers may go to the holding lot multiple times a day or week. However, drivers who spend more time at airport holding lots may have higher exposures than their counterparts who spend less time in the lots, as airport operations are associated with elevated levels of air pollutants, including UFPs, BC, and nitrogen oxides [72] [73] [74] .
Many drivers had to leave abruptly during the event once their spot on the queue reached dispatch. Given these time constraints, intake data was partially incomplete for a subset of drivers; another subset of drivers was unable to complete all screenings offered. Due to logistical constraints, including lack of lighting in the designated lot at night, Step On It! took place during daytime hours (11 a.m. to 5 p.m.) and did not capture data on the health status of taxi drivers working evening and overnight shifts. Shift workers, especially night shift workers, have been shown to be at increased risk for cardiovascular events [75] . Future interventions should be inclusive of night shift drivers. Such studies should also be held at different times throughout the year, as risks and responses to survey questions may be dependent on season and weather, i.e. drivers may be more sedentary in colder weather [76] , and the effects of air pollution may also vary depending on season, if drivers' windows are open or closed, and if air conditioning is used [77] .
Further, exposure to particulate matter and secondary exposure to tobacco smoke were not assessed as part of this study. Future studies should include these assessments; differentiating drivers' risk from chronic environmental exposure versus other risk factors (i.e. stress, sedentary lifestyle) is an important but yet unaddressed gap in the literature.
Available data were still valuable in providing CVD risk information for an occupational group that is largely understudied. This study demonstrates the feasibility of a work-based intervention that overcomes drivers' time constraints. Future studies should include long term cohort studies following changes in CVD risks and documenting CVD outcomes longitudinally after the implementation of multilevel interventions targeting the unique barriers and needs of NYC immigrant taxi drivers. Such studies should also monitor variations in drivers' environmental exposures, and the impact of these exposures on health risks, and should also include questions related to diet, stress, and physical activity. Studies should also consider developing partnerships with clinics and hospitals where drivers can reliably and conveniently seek care (at low or no cost, with flexible hours), to accurately document relevant data from medical charts as well as to build stronger linkages between community and occupationally-based outreach and education efforts and the health care system.
